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The main objective of the WID on eLAA [1] is to specify UL support for LAA SCell operation in unlicensed spectrum. There were some high-level agreements that were made in RAN1#84 on some issues although many key design elements need to still be decided. Email discussions ([84-15] and [84-14]) were conducted on some of these issues and the views of various companies on the following questions were compiled. The key questions including those that were discussed in the email discussions that have an impact on the fundamental structure of a UL subframe for eLAA are as follows.
1. The Listen-Before-Talk (LBT) schemes for PUSCH subframes in general, for SRS without PUSCH and for PRACH
2. Whether at least one symbol in a PUSCH subframe can be blanked for the purpose of listen-before-talk (LBT) procedures
3. How many symbols need to be blanked for the purpose of LBT
4. Whether every subframe contains these blanked symbols or the eNB indicates which subframes have blanked symbols
5. What the position of the blanked symbol should be within the subframe, e.g., first or last symbol of a subframe
6. How multiplexing of PUSCH and SRS is to be achieved in a UL subframe. Specifically, where should the locations of the blanked symbols in the subframe be in relation to the location of the SRS
7. Whether aperiodic or periodic transmissions of SRS without PUSCH should be allowed and if so whether they should be allowed within a UL subframe. If both of these options are to be allowed, where the SRS should be located within the subframe.

In this contribution, we discuss the design choices on these key questions and present proposals for the UL subframe structure in time that take into account these choices.

Discussion
In this section we first discuss the key questions listed in the previous section and then present proposals on the design of the UL subframe structure.
Design Considerations
LBT Procedures
In general, it should be possible for LBT procedures to be performed before any transmissions by UEs. As in Wi-Fi, transmissions on the UL that contain control information such as HARQ ACKs should be allowed to be transmitted without any LBT after reception of a transmission on the DL, if the gap between the DL and the subsequent UL transmission is less than 16 µs. Considering that UL transmissions are always scheduled, it should not be necessary to require category 4 LBT schemes with long contention window sizes regardless of cross-carrier or self-carrier scheduling. These aspects are discussed further in our companion contributions [2][3][4]. The basic principles above are taken into consideration in the design of the UL subframe structure.

Gaps in a PUSCH subframe
Opportunities for transmissions on an LAA SCell may be limited. Hence, it is important to maintain scheduling flexibility in order to give the eNB the most options to use the channel when it does become available. An important dimension of scheduling flexibility in LTE is the ability to schedule some users in a UL subframe followed by at least one different user in the next UL subframe. In order to achieve this on an LAA SCell, the UEs that are scheduled in the second UL subframe need to perform LBT before transmission. In order to increase the chances of LBT success, it is important to minimize any interference from devices that are part of the same cell. Therefore, some region of the second UL subframe needs to left blank. We refer to this as a gap within the UL subframe. It should be noted gaps are useful not just as spaces to perform LBT, but also to separate transmissions in different subframes without any LBT being performed. 
Proposal: A UL subframe may have gaps where no UEs scheduled by the serving cell transmit.

Duration of Gaps in a PUSCH Subframe
Regarding the question of how many DFTS-OFDM symbols the length of the gap should be when LBT is required in the subframe, it is important to consider the impact to UL throughput. In principle, since the UL uses single carrier transmission, even partial reception of a DFTS-OFDM symbol is useable by the eNB for data reception. Hence, the possibility of leaving a fraction of an OFDM symbol blank should be allowed. For instance, the first 25 µs after the start of the subframe may be left blank and transmission in the UL subframe may start right after this 25 µs gap so that the UEs scheduled in the subframe may perform LBT within the 25 µs gap. Also, a 16 µs gap could be used with the UE not performing LBT within the gap which is similar to the SIFS period that Wi-Fi nodes use before replying with ACKs. When the UE needs to perform LBT with a full random backoff (category 4), a longer gap is likely required. However, it is not necessary that the entire duration of the category 4 LBT procedure fits within a gap in one subframe for all contention window sizes since the UE may perform the random backoff prior to the subframe for which it holds a UL grant. Generally, the length of the gap should be as small as possible since a longer gap can have a direct deleterious impact on UL performance. Given the above considerations it is best to allow a gap ranging from 16 µs to 1 DFTS-OFDM symbol with some limited set of values, e.g., 16 µs, 25 µs or 1 DFTS-OFDM symbol.
Whether every subframe should have a gap or some subframes may be allowed to not have a gap is another design question that needs to be addressed. When all the UEs scheduled in a particular UL subframe have also been scheduled in the previous UL subframe, there is no necessity for the UE to do another LBT operation again in the current subframe. Therefore, there is no necessity to leave any gaps. Considering that at least 3 gap values need to be indicated to the UE for any given subframe, having an additional no gap indication to the UE does not add any signalling burden. This option could be added as a fourth value in a gap parameter that is indicated to the UE for each scheduled subframe so that it chooses from one of four values, 0, 16 µs, 25 µs, or 1 DFTS-OFDM symbol.

Proposal: The duration of the gaps within a UL subframe can be 0 (no gap), 16 µs, 25 µs, or 1 DFTS-OFDM symbol.

Options for Transmission of SRS
A design consideration that influences the UL subframe structure is the options allowed for the transmission of the SRS. It has already been agreed that SRS may be transmitted aperiodically in a UL subframe when it is multiplexed with a PUSCH transmission. Transmission of SRS without PUSCH has been left for further study. While the simplest approach would be to limit the transmission of SRS to the subframes where PUSCH is also transmitted, there are benefits to be able to transmit SRS without PUSCH. This is especially true when the traffic mix is dominated by the downlink. In this case, the opportunities for transmission of SRS may be limited if it is to be transmitted only when PUSCH is transmitted. If the SRS can be transmitted without PUSCH, then this can provide more information for the eNB to use to optimize its downlink transmissions.
Proposal: SRS transmissions that are not multiplexed with PUSCH may be considered.

Considering that SRS transmissions with and without PUSCH may occur and that the UE should perform LBT before transmission, it is worthwhile considering how transmission of SRS without PUSCH may be achieved. In this context, we first note that the transmission of SRS without PUSCH does not necessarily have to occur within a UL subframe. SRS may be transmitted within an DL subframe at the end of a transmission burst with a partial transmission time interval (TTI) after the DL transmission burst has ended. Not allowing transmission of SRS without PUSCH in UL subframes can significantly reduce design constraints for the UL subframe structure. Besides, being able to transmit SRS at the end of DL subframes allows for increased possibilities to transmit SRS as the proportion of traffic that is DL increases, which is in alignment with the basic reason for considering the transmission of SRS when not multiplexed with PUSCH.
Proposal: 
· SRS transmissions that are not multiplexed with PUSCH may be transmitted in the last DL subframe after the end of a DL transmission burst when the last DL subframe has a partial TTI.
· SRS transmissions that are not multiplexed with PUSCH are not transmitted in a UL subframe.
In our companion papers [5][6], we discuss SRS transmissions for LAA operation in unlicensed spectrum in more detail.

 UL Subframe Structure
Considering the various design aspects that have an impact on the UL subframe structure discussed in the previous section, we now discuss a subframe structure based on the proposals for these aspects. An important property of the subframe structure that first needs to be determined is the location of the gap of length up to one DFTS-OFDM symbol within the UL subframe. We may consider the following two options:
· Option 1: Gap during the 1st  DFTS-OFDM symbol of the subframe
· In case of successful LBT, PUSCH transmission for the scheduled UE starts at 2nd symbol of the current subframe
· Option 2: Gap during the last DFTS-OFDM symbol before the subframe boundary
· In case of successful LBT, PUSCH transmission for the scheduled UE starts at 1st symbol of the next subframe

In our view the first option is preferable for at least the following reasons:
· Self-contained subframe in terms of LBT and granted transmission
With the first option, an UL subframe would be self-contained in terms of both CCA and possible PUSCH transmissions without requiring any dependency on previous subframes. Consider the following cases for two consecutive transmission bursts by two LAA nodes (eNB and UE or two UEs) which clearly highlights the strength of option 1 over option 2:
· DL subframe with a full TTI followed by UL subframe
· If the previous subframe is a full DL subframe, the next subframe can be scheduled for UL without any impact on the DL subframe with option 1. In this case the UE can perform LBT at the beginning of the scheduled subframe for accessing the channel without affecting the previous DL transmission. In case of option 2, either the eNB cannot schedule an UL subframe immediately after a full DL subframe or the previous DL subframe should always be an ending partial subframe for allowing UL transmission in the next subframe.
· DL subframe with a partial TTI followed by UL subframe
· In this case both options are possible.
· Consecutive UL transmissions
· Option 1 can operate in a self-contained manner on a subframe basis. However, to facilitate option 2, signalling is needed to inform the UE to puncture the last symbol in the previous subframe, in order to allow the scheduled UE for the next subframe to contend for access to the channel. This creates inter-subframe scheduling dependencies which creates a situation requiring knowledge of the allocations of UEs for all the subframes in the transmission burst which is completely intractable. 
· UL transmission followed by DL transmission
· It can be argued that option 2 facilitates DL transmission at the subframe boundary following a UL transmission by puncturing the last symbol of the UL transmission for eNB LBT operation while it is not possible with option 1. However, by using timing advance commands, the eNB can advance the transmit timing of all UEs so that the UL subframe boundary ends earlier than the DL subframe boundary which can create a gap before the DL subframe boundary starts for LBT, similar to option 2 (see Figure 1). 
· Minimizing specification impact
Option 1, along with restricting transmissions of SRS that are not multiplexed with PUSCH to DL subframes with partial TTIs at the end of a transmission burst, can serve to minimize specification impact by leaving the subframe structure to be substantially similar to the current structure in time. The effect of the gaps at the beginning of the subframe can be absorbed by puncturing the current format. 

Based on the above discussion and analysis we see significant advantages with option 1. A further aspect that needs to be decided is where the gap appears within the first DFTS-OFDM symbol in the UL subframe (when the gap is less than one DFTS-OFDM symbol). In some scenarios, it would be most efficient to allow some subframes in a burst of UL subframes to have a 25 us CCA interval at the beginning of the subframe and for some subframes to have the CCA interval in a different location. Such a scenario is shown in Figure 1 where the eNB does not use a DL subframe with a partial TTI before a UL subframe. However, a timing advance is applied to all UEs in the cell so that their timing may be advanced to overlap with the end of the DL subframe. The motivation for applying such a timing advance is to allow a region where CCA could be performed before the DL subframe. To accommodate a scenario such as this, when the gap is smaller than one DFTS-OFDM symbol, the gap could start at the beginning of a UL subframe except in the case where a DL subframe is detected right before the UL subframe, in which case, the gap starts right after the DL subframe ends.
In light of all the aspects discussed, we propose the following.
Proposal: 
· The UL subframe structure in time should follow the current subframe structure with any gaps necessary for transitioning between different transmitting nodes being located in the first symbol.
· The gaps should start at the beginning of the UL subframe or immediately after the end of the preceding DL subframe, whichever occurs later. 
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[bookmark: _Ref446970852]Figure 1: Managing the gap between DL and UL transmissions when eNBs do not employ partial transmission time interval within a DL subframe preceding a UL subframe. 


Conclusion
In this contribution we discussed various aspects that influence the structure of the UL subframe in time for enhanced LAA. A UL subframe structure based substantially on the current subframe structure was proposed with any gaps necessary for transitioning between different transmitting nodes being located in the first symbol. Specifically, the following proposals were made.
Proposal: A UL subframe may have gaps where no UEs scheduled by the serving cell transmit.
Proposal: The duration of the gaps within a UL subframe can be 0 (no gap), 16 µs, 25 µs, or I DFTS-OFDM symbol.
Proposal: SRS transmissions that are not multiplexed with PUSCH may be considered.
Proposal: 
· [bookmark: _GoBack]SRS transmissions that are not multiplexed with PUSCH may be transmitted in the last DL subframe after the end of a DL transmission burst when the last DL subframe has a partial TTI.
· SRS transmissions that are not multiplexed with PUSCH are not transmitted in a UL subframe.
Proposal: 
· The UL subframe structure in time should follow the current subframe structure with any gaps necessary for transitioning between different transmitting nodes being located in the first symbol.
· The gaps should start at the beginning of the UL subframe or immediately after the end of the preceding DL subframe, whichever occurs later.
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